Abstract. To achieve an efficient CDI system with low energy consumption, a electrode with high capacitance and low resistance is required. Several kinds of electrode materials were prepared by using pine pollen and starch as bio-carbon sources. Together with commercial activated carbon material, their electrochemical properties were studied by cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS) in 1mol/L NaCl solution. The results show that the commercial activated carbon material has good electrochemical performances. Among the three activated carbon materials, it has the highest capacitance (8.63F/g) and the lowest resistance (6.35Ohm).
Introduction
Capacitive deionization (CDI) is an electrochemical water treatment technology based on the formation of an electrical double layer (EDL) on the surface of the charged electrode with the help of potential-driven. As compared to other water treatment technologies, CDI utilizes less energy for the desalination of brackish water [1] . The direct electrosorption of ions in salt water on porous electrodes leads to low operating voltage of CDI. To achieve an efficient CDI system with low energy consumption, a electrode with high capacitance and low resistance is required [2] . Therefore, biocarbon-based materials have emerged as a key material for designing experimental water treatment strategies recently. More and more scholars have paid attentions to it [3] .
In this paper, a variety of electrode materials were prepared by using pine pollen and starch as bio-carbon sources. Then, their electrochemical properties were studied by cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS) in 1mol/L NaCl solution, in order to calculate the capacitance and resistance of the electrode materials. Meanwhile, the electrochemical properties of commercial activated carbon material were tested as well.
Materials and Method

Preparation of Bio-carbon Materials
The pine pollen and starch were immersed in anhydrous ethanol solution. Then, the washed powder was transferred to formaldehyde solution and soaked for 10 minutes. They were washed with deionized water and placed in 50mL of concentrated sulphuric acid at a concentration of 12mol/L and stirred for 4 hours used magnetic stirring apparatus at 80℃. Then, they were washed and placed in a blast electric oven at 80℃ for 12 hours. The product was weighed and placed in a high-temperature vacuum tube furnace and raised to 900℃ at a rate of 5℃/min and maintained for 1hour of heating time. The product obtained after heating was washed with deionized water and then placed in a vacuum oven and dried at 120℃ for 4 hours.
Preparation of Electrodes
According to the mass ratio of 8: 1: 1, the sample material, carbon black and polytetrafluoroethylene emulsion (PTFE) were mixed evenly, and then the proper amount of N-Methyl pyrrolidone (NMP) was added. The slurry was mixed to form a certain viscosity. The above slurry was coated onto a nickel-foam (1cm×1cm) and dried in a vacuum oven at 80℃ for 5 to 6 hours to obtain an activated carbon coated electrode.
Electrochemical Characterization
The CV and EIS tests of active electrode materials were performed by using the three-electrode system. The electrode was used as the working electrode. The Ag/AgCl electrode and the platinum wire electrode were used as the reference electrode and the counter electrode respectively. The electrolytic solution was NaCl solution at a concentration of 1 mol/L. The CV was tested at a certain rate (50mV/s, 20mV/s, 10mV/s, 5mV/s and 2mV/s) in a certain voltage range (-0.4V to 0.4V). The EIS was characterized at an open circuit potential in the frequency range of 10 kHz to 0.01 Hz with the voltage 0.2 V. Fig. 1 exhibits the CV curves of samples in 1mol/L NaCl electrolyte in three-electrode cell. Fig. 1a shows the CV curve of commercial activated carbon material is measured at various scanning rates. Fig.1b shows the CV curve of pollen activated carbon material is measured at various scanning rates. Fig.1c shows the CV curve of starch activated carbon material is measured at various scanning rates. It is clearly seen that each CV curve of samples is approximately rectangular. Meanwhile, the curve is basically smooth and has a certain symmetry. The shape of the curves reveals that the capacitance characteristic of the three samples was consistent with which of the electric double layer capacitor, which will produce a CV curve close to an ideal rectangular shape [3] . When the scan rate is increased, the curve is deviated from the rectangle. Fig.1d shows the CV curves of three samples at the scanning rate of 10mV/s. shape. It is well known that the specific capacitance is proportional to the integral area of the CV curve at the same scanning rate. Therefore, commercial activated carbon material has the highest capacitance among the three samples. The results indicate that the commercial activated carbon material achieves the highest specific capacitance (87.06F/g), while the starch activated carbon material has the lowest specific capacitance (8.63F/g). The possible reason is that the carbonization of commercial activated carbon is more complete than that of starch activated carbon. 2a-c show the Nyquist plots of the three samples. We can found that each plot shows a very small semicircle in the high frequency region and a straight line with a inclination in the low frequency region. The diameter of semicircle corresponds to charge transfer resistance (R ct ) at the electrode-electrolyte interface [4] . Commercial activated carbon material has the lowest charge transfer resistance while pollen activated carbon material has the highest one. The slope of the straight line represents the diffusive resistance of the electrolyte in the electrode pores. In each plots, the angle between the straight and abscissa is close to 45°, indicating that the diffusion of ions in the activated carbon is the Warburg diffusion process.
Results and Discussion
CV Analysis of Samples
EIS Analysis of Samples
According to Eq. (2), we can calculate the charging resistance at different frequencies. Fig.2d shows the charging resistance of the three samples. At different frequencies, commercial activated carbon material has the lowest charging resistance while pollen activated carbon material has the highest one. When the frequency is 0.01Hz, the charging resistance of pollen activated carbon has reached 1263Ohm, while the charging resistance of commercial activated carbon is only 6.35Ohm.
Conclusion
Electrochemical properties were studied by cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS) in 1mol/L NaCl solution. The results show the commercial activated carbon material has good electrochemical performances. Among the three activated carbon materials, it has the highest capacitance and the lowest resistance. Its specific capacitance value is as high as 87.06F/g at the scanning rate of 2mV/s. When the frequency is 0.01Hz, its charging resistance is only 6.35Ohm. This material could help to achieve an efficient CDI system.
